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Interrelations between cerebrospinal fluid and plasma
inorganic ions and glucose in patients with chronic
renal failure
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SUMMARY The concentrations of inorganic ions and glucose in the plasma and CSF of 11 patients
with "steady-state" chronic renal failure have been measured and their CSF:plasma interrelations
studied. The results have been compared with the corresponding data from 34 control subjects.

In the patients with renal failure, there was a positive correlation between raised CSF and plasma
potassium concentrations. In contrast to the impaired potassium homeostasis. normal CSF
magnesium and calcium concentrations were observed despite wide variations in the plasma concen-

trations of these ions.

Selective abnormalities of the cerebrospinal fluid
(CSF) amino acids have been reported in patients
with chronic renal failure.' It has been suggested
that this finding represents an alteration of amino
acid transport between CSF and plasma. The
present study was designed to examine whether a
parallel situation exists in renal disease, for in-
organic ions and glucose. Their concentrations and
distribution between CSF and plasma have been
compared in normal subjects and in patients with
"steady-state" chronic renal failure.

Patients and methods

The concentrations of sodium, potassium, chloride,
calcium, magnesium, glucose and protein were
measured in simultaneously collected aliquots of
CSF and plasma.

CONTROLS
Thirty-four control subjects (15 males, 19 females;
mean age 34 5 yr, range 14-67 yr) who presented with
potentially significant headache or low back pain
and were shown subsequently to be normal by
clinical neurological criteria and investigations
including biochemical and cytological analysis of the
CSF. A lumbar puncture formed part of the in-
vestigations required to exclude structural neuro-
*Present address: Department of Neurology, Leicester Royal
Infirmary, Leicester LEI 5WW.
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logical disease. None of these individuals had any
evidence of metabolic or systemic disease and all
were on a normal diet.

PATIENTS
Eleven patients with "steady-state" chronic renal
failure (6 males, 5 females; mean age 45-4 yr, range
30-70 yr) (Table 1). The criteria of "steady-state"
were that three successive measurements of plasma
urea and serum creatinine were stable over a period
of not less than seven days while on a constant daily
protein intake of 40 to 50 g. None of the patients was
being treated by haemodialysis. The mean plasma
urea and serum creatinine concentrations were 40 5
mmol/l and 1070 ,tmol/l respectively. Two of the
patients had been taking diuretics for control of
hypertension but their plasma electrolyte con-
centrations did not differ from those of the other
patients in this group and had been stable during
the nine months immediately preceding the study.
None of the 11 patients was receiving any other drug
which might influence plasma electrolyte or urea
concentrations. The daily sodium intake ranged from
60 to 100 mmol. Ten of the patients had clinical or
electrophysiological evidence of a peripheral neuro-
pathy. CSF examination formed part of the in-
vestigation of the neuropathy in seven of the patients
and in the remaining four, lumbar puncture was
performed with the informed consent of the indi-
vidual. All 11 patients had normal CSF cytology
and serology.
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Table I Details ofpatients with "steady-state" chronic renal failure

Patients Sex Age (yrs) Plasmna urea Serum creatinine Plasma pH Diagnosis
(1nmo101/l) (Qmol/l)

1 M 30 27 1 1264 7 30 Chronic renal failure of unknown cauLse
2 M 33 25-0 1025 7 31 Chronic glomerulonephritis
3 M 36 43-8 1326 7-25 Chronic glomerulonephritis
4 M 39 43-3 1387 7-24 Chronic glomerulonephritis
5 F 40 15 5 362 7-22 Accelerated hypertension
6 F 42 71*6 1326 7-18 Hypertension
7 F 46 25-6 875 7-27 Accelerated hypertension
8 F 50 37 0 1010 7-28 Polycystic disease
9 M 56 65-0 1202 7-22 Chronic pyelonephritis
10 F 57 23-0 610 7-28 Polycystic disease
II M 70 85-0 1396 7-20 Chronic renal failure of unknown cause
Mean 45-4 40 5 1070 7-25
SD 12-0 199 340 004

Table 2 Comparison ofplasma and CSF inorganic ion, glucose and protein concentrations (mean + SD) in 34 control
subjects and 11 patients with "steady-state" chronic renal failure

Plasma CSF CSF:Plasmna ratio RDialt

Controls Renal failure Controls Renal failure Controls Renal failure

Sodium 139-8 141-7 147-1 149 2 1-05 1-05 0 945
(mmol/l) 2-78 3-04 42-58 3-66 *0-02 - 0-02
Potassium 3-96 4-85*** 2-84 3-06** 0-72 0-65** 0-96
(mmol/l) £0-32 1-0-86 r0-18 ±0-22 L0 07 1 0-08
Chloride 103-0 108-5* 123-1 129-2*** 1-20 1.19 1 04
(mmol/l) i3-24 -15-01 -2-62 --3 92 10-04 0-04
Magnesium 0-83 1l02*** 1-12 1-17 1-35 1 22 0-80
(mmol/l) - 0-05 +0-23 £0 07 ±0-13 -W0 10 L 0-32
Calcium 2-38 1-95*** 1-31 1-38 0 55 0-72*** 0-65
(mmol/l) 0 12 -0-29 0 1 1 - 013 006 010
Glucose 4 41 5 26 3-34 3-81 0-76 0 73 0 97
(mmol/l) £0-63 2-32 ±0-32 1-25 +0 11 0-15
Protein 74-5 66 1*** 0-29 0-32 0 004 0-005***
(g/l) 5-2 -55-005 010 +-00007 0 0014

tDavson.1'
***p < 0 01
**0-02> p > 001
*0-05 > p > 0-02

COLLECTION AND ANALYSIS OF SPECIMENS

Samples of CSF and blood were collected simul-
taneously with the control subjects and renal
patients resting in bed after a 12-hour overnight fast.
Measurements of CSF and plasma sodium,
potassium, chloride, calcium, glucose and protein
concentrations were performed using standard
methods. The magnesium concentration was esti-
mated by atomic absorption spectrophotometry.

STATISTICAL ANALYSIS OF RESULTS

The CSF and plasma concentrations and the CSF:
plasma concentration ratios (RCSF) of the inorganic
ions, glucose and protein were compared in control
subjects and renal patients by the Wilcoxon rank
sum test. Interrelations of CSF and plasma con-
centrations were assessed by measurement of the
linear (product-moment) correlation coefficient.
Comparison of the regression coefficients with the
CSF:plasma ratios in the control subjects and renal
patients was performed by Student's t test but when

the variances were unequal, the "d" test was used.2
The ranges of control plasma and CSF potassium
concentrations were compared by Mood's test3 after
the difference of each plasma or CSF value from its
respective median value had been ranked on a
combined scale for the CSF and plasma data.

Results

In Table 2 the CSF and plasma inorganic ion,
glucose and protein concentrations and their CSF:
plasma concentration ratios are compared in the
control subjects and in the patients with "steady-
state" chronic renal failure.

CONTROLS
In CSF, the mean concentrations of sodium, chloride
and magnesium were higher and those of potassium,
calcium and glucose were lower than in plasma
(p < 0 01 in each case). There was a significantly
narrower range of potassium concentrations in CSF
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Fig. 1 Plasma and CSF concentrations and CSF.plasma concentration ratios ofpotassium in control
subjects and patients with chronic renal failure.

(2-40-3-00 mmol/l) than in plasma (3 50-4-70
mmol/l) (p < 0-01) (Fig. 1). The CSF concen-

trations of sodium, chloride and glucose showed a

positive correlation with those of plasma (p < 0 05,
p < 001 and p < 005 respectively), whereas no

such relation was found between the CSF and plasma
concentrations of potassium, magnesium, calcium
and protein (Table 3).

PATIENTS WITH CHRONIC RENAL FAILURE

The plasma and CSF concentrations of sodium and
glucose and their CSF:plasma ratios did not differ
significantly from normal in the patients with renal
failure. The CSF protein concentration did not differ
from normal in renal failure but the CSF:plasma
ratio was increased (p < 0-01), reflecting the lower
plasma protein concentration of the renal patients

Table 3 Relations between the CSF and plasma concentrations of inorganic ions, glucose and protein in 34 control
subjects and 11 patients with "steady-state" chronic renalfailure

CSF:Plasma ratio Linear regression equatiorn Correlation coefficient pI p2

Mean SD

Sodium Control 1-05 0-02 y = 93-63 + 0 383x 0-420 0-05 > p > 0 025 <0-001
Renal 1-05 0-02 y = 49-94 + 0 700x 0 582 >0 05 <0-01

Potassium Control 0-72 0 07 y = 2-47 + 0 093x 0-173 >0-1 <0-001
Renal 0-65 0-08 y = 1-97 + 0-226x 0-882 <0-001 <0-001

Chloride Control 1-20 0-04 y = 82-26 + 0-396x 0 506 <0-01 <0-001
Renal 1P19 0-04 y = 73-34 + 0 515x 0 658 0-05 > p > 0-025 <0-001

Magnesium Control 1-35 0-10 y = 0-78 - 041x 0-282 >0 2 <0-001
Renal 1-22 0-32 y 1-26 - 0094x -0-173 >0 05 <0-001

Calcium Control 015S 0-06 y 1-85 - 0226x -0-233 >0-2 <0 001
Renal 0-72 0-10 y =1-00 + 0194x 0 459 >0 05 <0-001

Glucose Control 0-76 0-11 y 2-47 + 0- 193x 0-382 0-05 > p > 01025 <0-001
Renal 0-73 0-15 y 1-06 + 01509x 0 905 <0-001 <0-005

Protein Control 0 004 0-0007 y = 0-29 - 00x -0-003 >0 9 <0-001
Renal 0-005 0-0014 y = 0-07 +- 0 004x 0-216 >0-05 >015

x = plasma concentration, y - CSF concentration.
pl is the probability of the correlation coefficient.
p2 is the probability of the difference between the observed regression coefficient and the mean CSF:plasma ratio having arisen by chance.
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Fig. 2 Plasma and CSF concentrations and CSF.:plasma concentration ratios ofprotein in control
subjects and patients with chronic renal failure.

(Fig. 2). For the other inorganic ions, two patterns
of change from normal were found in "steady-state"
chronic renal failure:

Changes in plasma accompanied by changes in CSF
In the renal patients, the mean chloride concen-
trations of plasma (108-5 mmol/l) and CSF (129-2
mmol/l) were both higher than in the control subjects
in whom the plasma mean value was 103-0 mmol/l
(0 05 > p > 0 02) and the CSF mean concentration
123-1 mmol/l (p < 0O01). Since the percentage
increases were similar in both fluids the CSF:plasma
ratio was within normal values. A positive corre-

lation was found between the CSF and plasma
chloride concentration (p < 0-05).

In the patients with renal failure, the plasma mean
potassium concentration was 4-85 mmol/l (range
4 00-600) compared with the control value of 3-96
mmol/l (range 3 50-4-70) (p < 001). In CSF the
mean concentration of potassium was 3-06 mmol/l
(range 2 60-3 50) compared with 2-84 mmol/l (range
2 40-3 00) in the control subjects (0-02 > p > 0O01).
As these values in patients with chronic renal failure
represent a 22-5% difference in plasma concen-

tration compared with the control subjects, but only
a 7-7 Y. difference for the CSF level, the CSF:plasma

ratio for potassium was significantly lower than
normal in renal failure with the ratios of 0-72 and
0-65 respectively (0-02 > p > 001) (Fig. 1). The
CSF potassium concentration in the renal patients
showed a positive correlation with its concentration
in plasma (p < 0-001) (Table 3).

Changes in plasma not accompanied by changes in
CSF
Although the mean plasma concentration of
magnesium was 1-02 mmol/I in renal failure
compared with 0-83 mmol/l in control subjects
(p < 001), the mean CSF concentration did not
differ significantly in the two groups. Similarly a

lower mean plasma calcium concentration than
normal occurred in renal failure (1 -95 compared with
2-38 mmol/l, p < 001) but the mean CSF calcium
level did not vary from the normal value. The CSF:
plasma ratio of calcium was higher than normal in
the renal patients (0-72 compared with 055;
p < 001) but for magnesium the ratio was not
significantly different (Figs. 3 and 4). No cor-
relation between the CSF and plasma concentrations
of calcium or magnesium was found in the patients
with renal failure (Table 3).
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Fig. 3 Plasma and CSF concentrations and CSF:plasma concentration ratios of calcium in control
suibjects and patients with chronic renal failure.

INFLUENCE OF PLASMA pH
The anion gap (calculated as the sum of the sodium
and potassium concentrations minus the chloride
concentration) was significantly lower in CSF than
plasma in both control subjects and renal patients
(control plasma 40-8 ± 2-6 mmol/l, control CSF
26-9 ± 2-8 mmol/l, p < 001; renal plasma 38-1 +
3-3 mmol/l, renal CSF 23-1 ± 4 3 mmol/l, p < 0-01).
The anion gap was lower than normal in the plasma
(p < 002) and in the CSF (p < 001) in renal
failure. Measurements of CSF pH were not available
but the influence of plasma pH on plasma and CSF
concentrations of inorganic ions and on their CSF:
plasma concentration ratios in chronic renal failure
was assessed by linear regression analysis. For
plasma no positive correlations were found but in
CSF, the chloride concentration showed a positive
correlation with plasma hydrogen ion concentration
(r = 0-746; p < 0-01). Of the CSF:plasma ratios,
only that of calcium had a positive correlation with
plasma hydrogen ion concentration (r = 0915;
p < 0-001).

INTERRELATIONS BETWEEN THE CSF AND

PLASMA CONCENTRATIONS OF THE

INORGANIC IONS

If the concentration of a solute is related directly to

4*

the plasma concentration and there is no constant
term in the simple equation relating the two, then
the population regression coefficient will equal the
population mean CSF:plasma concentration ratio.4
For all the inorganic ions measured in both control
subjects and patients with renal failure, the observed
regression coefficients differed significantly from the
mean CSF:plasma concentration ratios (p < 0.001-
p < 0-01, Table 3).

Discussion

The CSF concentrations of inorganic ions and
glucose in the control subjects of the present study
are comparable with those in published reports.4-8
The mean CSF concentration of potassium was
lower than that of plasma and the range was
smaller. This indicates a relative stability of CSF
potassium and linear regression analysis showed that
the concentration of potassium in the CSF of the
normal subjects is independent of that in plasma.
This accords with the findings of Bradbury et al.4 A
similar independence of CSF and plasma concen-
trations has been demonstrated for calcium and
magnesium in this study and has been reported by
others.9
The present study has also demonstrated that in
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Fig. 4 Plasma and CSF concentrations and CSF.plasma concentration ratios ofmagnesium in
control subjects and patients with chronic renal failure.

the face of long-standing plasma abnormalities in
"steady-state" chronic renal failure, homeostasis of
some CSF constituents but not of others has been
preserved. Although significant alterations of the
plasma concentrations of potassium, chloride,
calcium, magnesium and protein occurred, corres-
ponding CSF changes were noted only in the cases
of potassium and chloride. A rise in the CSF
potassium concentration was associated with a
raised plasma concentration and a positive corre-
lation was shown between the CSF and plasma
concentrations of this ion in renal failure. In the
control subjects no correlation was found between
the CSF and plasma potassium concentrations
within the range of plasma concentrations of 3 50 to
4170 mmol/l. The regression lines for CSF and
plasma potassium concentrations are not comparable
in the renal patients and control subjects because of
the lower range of plasma potassium concentrations
in the latter. To enable a direct comparison of the
interrelation of CSF and plasma potassium concen-
trations in the control subjects and renal patients,

the data should include CSF potassium concen-
trations from controls with plasma potassium
concentrations greater than 5-0 mmol/l. Such data
would be difficult to obtain since most normal
plasma potassium concentrations fall below 5-0
mmol/l. In healthy dogs, CSF potassium concen-
trations are very stable and marked experimental
raising or lowering of plasma potassium concen-
tration is not followed by a change in the concen-
tration of CSF potassium.10 Therefore, with the
reservations indicated, the results in the present
study imply that in chronic renal failure the inter-
relation between CSF and plasma potassium
concentrations differs from normal. When plasma is
dialysed against an appropriate protein-free saline
solution, the distribution of an ion may be expressed
as the ratio:

Concentration in plasma dialysate
(Rdiai).

Concentration in plasma
The mean CSF :plasma concentration ratio of
potassium in renal failure differed from the Rdial
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value of 0.9611 and there was a significant difference
between the regression coefficient and the CSF:
plasma ratio. Although the plasma may exert a more
direct influence on the CSF potassium concentration
in renal failure, possibly as a result of altered
hydrogen ion concentration in plasma and CSF,
there are still restrictions governing potassium
exchange between the two compartments.

In contrast to the findings for potassium, the
stability and independence from plasma of the CSF
calcium and magnesium concentrations have been
maintained in renal failure.

There is general agreement that the CSF concen-
trations of potassium, magnesium and calcium vary
much less than those of plasma when acute or
chronic disturbances of the latter occur in a clinical
setting or are induced experimentally. Limited
information is available about the CSF electrolytes
in chronic renal failure and the changes in potassium
described in the present study have not been reported
previously. In a group of uraemic subjects studied
by Cooper, Lechner and Bellet,10 the CSF potassium
concentration remained within a narrow range in
spite of wide variations in serum potassium concen-
trations. No clinical details are stated. The paper
does not quote serum or CSF urea or creatinine
concentrations and it is uncertain whether the
patients were in "steady-state" renal failure. Prill12
has reported a relative stability of the CSF potassium
in renal failure but his patients did not form a
homogeneous group and no statistical analysis of
the data is given. More recently, investigation of 14
patients with chronic renal failure demonstrated no
abnormality of CSF sodium or potassium con-
centrations.13

It has been known for a long time that meningeal
inflammation causes a marked breakdown of the
blood-CSF barrier,'1 and the CSF may then behave
as a diffusate of plasma with regard to its electrolyte
content.14-16 In meningitis, the CSF concentrations
of calcium and magnesium approach their respective
plasma concentrations and obey the "law of
meningitis"." In contrast to the pattern in
meningitis, restricted changes of the CSF inorganic
ion content have been demonstrated in chronic renal
failure by the present study and the findings are
analogous, in this respect, to the selective CSF amino
acid abnormalities found in the -same group of
patients.' It is not understood fully how cation
homeostasis of CSF is maintained but transport
processes are involved.9 It has been suggested that
although secretion of a fluid of constant composition
by the choroid plexus may be a major factor in
controlling the concentrations of calcium and
magnesium in CSF, this accounts only partly for
potassium homeostasis.9 Our results imply that the

mechanisms for maintaining the CSF potassium
concentration differ from those for calcium and
magnesium.
The clinical relevance of these disturbances of the

CSF inorganic ions is uncertain but it would not
seem unreasonable to suggest that they could have
either a direct effect on neuronal function or a
secondary influence on the transfer of other bio-
chemical moieties-for example, amino acids, at the
blood-brain and blood-CSF barriers when this
depends on carrier systems linked to ion transport.
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